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S UM MA R Y
The cytochemic al lo calizatiorl teChniqlle Of poly-
pho 畠phate gav epo畠itive resultsin MllC Orale a nfuJlgl.
Particles of gr anular ap pearan ce 0n C elular surfac e
w ere obser ved in MtlC Oralea n fu ngi by ele ctron
microsc op y, a nd they were identified a s inorga nic
phospho ru sby X-r ay micr o a n aly8is. T he pre 包enC e
of poly P has been wi dely n oted du ring the gr owth,
in 8peCial, e xpo n8 ntial pha s e. The bio mas s of
M u c o r alea n ftl ngl Wa 畠incre aB ed by high in organic
phoBphort柑 C OnC entr ation, a8 e n e rg y so ur c e, a ndthe
bio m a88de m on strated highpoly P le vel.
JNT RODU CT10 N
M u c o r ale an fu ngl are Cha ra cterized by the pro-
ductio n of a thick- w ai led resting spo r 8 C alled a
zy go spore. The zy go BPO re dev elops wi 也in a zy go s-
por angl u m that is fo r m ed after fusio n of tw o
ga m eta ngia . The s ein clllde the l18 u al pr e s e n c eof
c oe n o cyte mycelill m, a 8 eX tlal repr odllCtion us u ally
by sporanglO 8POr eS. M o8t ge n e ra Of the MtlCOraleB
order are s aprobe sthat occu rin dll ng, B oil, htl mu S,
and othe r o rga nic debris [Gr o v e, 1974; C am pos-
Takaki et al. ,1986; Ale xopo ulos, 1996; Shari
'
a et
al. . 1999].
Ino rgami?poly pho sphate (poly P)I polym e r s 0f
pho8Phate linked by phospho anhydride bonds, have
detected in almost Organism s inclllding bacteria,
fungi, pla nts, and anim als [Earold, 1966] .
T he a8PeCt畠 Of the chemical and physic alproperties
of poly P e m e rge from its irLdu strial ll S e SOf gene-
ral inte r e Bt
,
in special, o n its pla c e a nd fun ction s
in biologic al syste m s[W o od 皮 Cla r ck, 1988; Bo r n-
be rg, 1995]. Me mbers 0f MllCO rales a r eknow n to
a c ctl m11ate large qua ntities of in organic poly phos ･
phatesin their v egetative myceliu m[Jam es皮C且Sida,
1964; tlarold, 1966; Ba rtnicki- Ga rcia 皮 Nicker8 On,
1962; Dietrich, 1976; Can posITakakiet al., 1989].
T he gr eat nu mbe r of ce11白 hav ebee n sttldied the
etchings of pllOSPhate betw een c ell11 乱r and intr ac 8-
11ular co mpa rtm e nt. The phosphate participatesin
a n tl ml】er of cell functions
,
in special, glyc olyBIB,
oxidativ e pho 8Phorylation, a nd nlCleic acidSynthesis
[Griffin, 1995].
Ca mpo8･Takakiet al. (1983); a rid Ca mpos -
Takaki (1984) described the cytoche mic al loc ali姐 -
tion method of poly phosphate in M uc oralenfungi.
Tle t8Clm iq一le W as ap plied by Shari
'
a- Nascim e nto
,
Nascim ento, Bar reira & Cam pos･Takaki(1997) for
de m onstr ating polypho8Phate in gro wing cel18 0f
Muc or a18 a n fungi. Additio nal inform atiorl is de -
s c ribed about the acctl m 111atio n of inorg anic
poly pho 8Phate in M u coralea n fm gl, r elated to
m etabolism of.in organic phospho ru白 C OnCe ntr atio n.
1 NO R G A NtCPO L YPH OS PHA T E CO NT EN T
AND CY TOC HEM ICAL LO C A L】ZA T =〕N
IN M U C ORA LEA N F U N GI
T he cellw all isolated from the mycelia of 23
spe cie s of Mucorales Orde ris largely c o nstituted of
c a rbohydr ates, c o r r espo nding to 55-60% of the cell
w allw eight. Othe r c ompo ne n七日 am Ount COrreSpOll-
ding to 25 - 44.5% . Polyphosphates ar e the m ajo r
a mo unt, a nd co r e sponding to 23%, in allSpecies
sttldied, exc eptfor Sync ephalastr u T n r a C e mOS Lm (8,6
%), M uc orja tJaTl血 8(12.6 %), a nd Mu c o T･ m u C edo
* Per m a n ot addr 閃S :Nuclei de Pe squi8a S em Cie n cia s Am bie ntais, Depto . de Qui mica. , Univer sidade Catら1ica
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(13.1%)[Ca mpo s･ Takaki, 1984].
Tle re s ults of the cytoche mical and electr o n
micr o s c op y.
.
m ethod u sing the le ad nitr ate■ a nd
且 m mOniu n &t1 fide wa s u s ed for inorgamic poly-
pho sphate localization for the fir占t tim e [Ca mpo s-
Takakiet al. , 198a; Ca TnPO 針Takaki. 1984].
The in o rga nic poly phosphate w a 与 01〕s e r v ed o n
the otlterm O8t 8urfac8 0f the cellw all
,
u sing Je ns e n
[1968] m ethod m odified by Takakiet al. , 1983. The
X- ray an aly8i8 Sho wed preemin ent peaks in the spe-
ctru m of t he inta ct c ellw alls asino rganic phos-
phoru s. Tre atm ent With pr o nas e c a lエSed c on siderable
redllCtior1 0f the pho spho rus c onte nt in the c ell
w alls of the Mll COrale sftl ngi. T he m o 皇t CO m m O nly
enc ountered Staining patte rn w a 8 Sho w ncle a rly in
Mu cor ge n us a nd SyTW ePhala strzLTn T
･
aCelnOSu m .
T he r efo r e
,
in ge n 8 ral, this CytOChemical loc ali-
zationtechniqtl egaYe pO8itive r emitsin wall白 know n
to c o ntain pho sphate . Eow ev er, the r8tler V a ried
staining pattern of w alls with this te chnique s tlg-
geBtS t上18titi占 n Ot Of stlffic ently go od re 昌0111tion
to re vealu n equlV OC allythe precise SPatial lo c山i祖tio n
of poly pho8phate within the w alls. The r es ults
obtain ed by Ca mpos-T 血 血 et all [198a] Pit h
phosph te-1oc ali祖 tio ntechniqlle B 8 up POrt the view
of Jones､e亡 al. [1977], that poly pho8phate iB a
g甲uine c on stitu e nt in Muc orale a nfun gi.
Fo rthe A b8idia cylindT
･
OSPOr athe r e sults Show ed
that the mic ro o rganiB m 8血ibi七日 8 m aller a mollnt Of
pho印hor u sin the th ird day of ctl tiv atio n, which
i8 S mal ler in relationship the othe r studied spe cies .
h the 8ixth■day, that a皿 01ユntfell by hal f, a nd in
th8 ninth day the phospho ru 8 COJltent in cre as ed
again: How e ver, in GongT･On ella butle ri the pho s-
phoru s c ontent W as larger in the third day of cll -
tiv atio n, declitl ng COnSider ably starting fro m the
sixth day, when c o mpared wlth the 8tldied species.
An dM ue oT 1
'
a uaTLiczLS■pre s e nted similar behavior
to G･ bzLtleT.i[Sha ri'a, 1997; Shari
'
a-et al. , 1997]
(Table 1).
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Table1- In orga･nic pho sphor us CO ntent (LLg/ mL)
dming the tlme c ou r8 e Of Mu c o ralean ftlngl
[Shari'a, 1997; Sha ri
'
a et al. , 1997].
A bsidia Goner
.
o,lella
幽 卓也_____-
3.50 9.30
1.71 8.10
3.82 2.50
4.50 4.61
3.53 0.21
Gr o wth(days) 蕊;c u e
3
6
9
12
15
T he tlltra Btr uCttlral a n alysis of A. cylindT
･O SPOT
･a,
a. bzLtleT･l, M . ja u a nic u sdem oT1 8trated that allof
the spe cies, Starting fro m the third day of c ultiv a-
tion
, pr e s ent dez71a r C ation forpoly phosphate o nthe
cellnla r sllrfac e
,
a8 W ellasintr acellula r,in BpeCificB
8tru Cttlr e 昌Or in the cytoplas m [Bode, M allCh,
Dit8 Chtln et 良 M al fertheine r, 1993].
The■cellll ar S urfa cepres eJlted a hom oge ne o t1日
de m a rcation, for m lng ClotB until the niTlth day of
gro wth. Unpllblished r朗 ults we r epre s e nted tole a v e
of the tw elfth day of gro wth for the cytochemical
de ma r c ation of the polypho 8Phate . It w as obs er ved
that the cytochemic al de m a rc 8.土ion is golng decr e a-
s lng Of intensity, ev en total dis ap p組 r a nCein the
fifte e nth day of cultiv atio n, Stationa ry phas e Of
the gr owth[Shari
'
a
,
1997; Shari
'
a et al. ,
'1997].
BIO A C C U M ULA TIO N OF IN O R G A NICPH O_
S P H O R U S IN M U C O R A L E A NFU N G I
T he stlJdie畠relatedto ac c u m lll乱tion of in orga nic
phosphate w ere c a ried o llt using thef ungi R hlz opu s
8P･ , Syn cephala str u Tn T･aC eT n O S uTn, C uT mingha m ella
elega n s a nd Absidla sp . , is olated fr om sedim e nt of
polllted a r e aof the m a ngr ove
”Rio For m o B O, Pe r-
na mbll C O, Br a zil
''
. A s e ries 0fe xperi皿 e ntB W a s Car ried
ollt lユSlng liquidc11tur e sto determin e the fa cto r s
influencing the c o ntent of poly pho sphte [Ca mpos-
T且kaki et al. , 2000].
T he re 白tlt畠 Obtain ed dem o n str ated a gr e at
incr e as e of the bio m a s swith 96 ho11r8 0f gr owth,
when gr own in highe r con centr ation s Of ino rga nic
phospho rus in the m edill m (1.Og ofpho spho rus/L).
The majo r Conte nt of bio m a s s wa sfor m ed m ediated
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by pho spho ru scワnc entratio n, and w as Obse rv edin
Cu T mingham ella elega n 8, following by SyTW ePha-
lastruT n r aCe m O S Lm
-
R hiz opus sp. and Absidia
sp. (Table 2).
Si mi 1ar r 8 Bult昌 With pho8pho r u 6 uPtake w ere
observed with Neu ro 8POr a CT.a S S a[BBeV er. & Bl1 rn B,
1977〕. How ever, the pa rticipatio n ofinorganic pho -
8Pho ruB in the metabolic pro c es s of bio m assfor m a.-
tion probably i8 dependent on ca rbon 昌O tl rC ePathw ay
(glyc olysi8), a B described by G ri ffin [1995]. T he
r e 畠ults obt8.in ed at different c ontent of phoBpho ru B
m ust be a fllnCtio n of degradation a B Wel aB
synthesi且 Of the n u mt)er of c ells, and the re s ults
obtained ar8 COrr Oborated [Bartnicki- Gar cia &
Nicker8 0 n1962; Ha rold 1990;Ter ry & Hoope r,1970;
Gree nfield, flu5日ain & Len ard, 1987;Ne8rneya n O V a,
2000】.
A relation 血Ip W a s e stablished betw e e n c ell11ar
in o rga nic phosphoru s c o n c e ntr ation, the pH, t he
effic e n cy of gro wth, a nd the in orga nic phospllate
a c cll m llated, The pE of the m edium of cultivatio n
v aried of 5.5 to 6.2 with 48ofgr o wth;and in 96 h,
the pE incr e a sed gradu ally for 6.1 to 7.6, re specti-
v ely for the COnt8ntS Of 1,0 and 0.5g/L of pho s-
phor u s.
Mtl C O rale a nfu ngi cells grow n 8.t C O nditions by
tw o kin etically of li＋ /Pico-transport System s
8 C C u m11ate the in orga nic pho sphate . On e ofthe白eis
operated at low c o n c e ntratio n■of exte r n al in org8.nic
phosphate; the other iB mo st likely c o n8tit11tive
c o m e sinto play at highc onc entration. Con sequ e ntly,
the total in o rganic phoBPhortlS C O ntent W a 8 high
e arly in gro wth, increa s ed during the period of
active growth, a nd de c re as ed slightly l n early sta -
tionary pha s e, a nd de c r e a s ed. T he dyn a mic behavior
ofiI10rga nic■pll O BPhate a nd its a clユm 11lation on the
biom a8 8form ed during 48a nd 96 ho u r s obser ved
in M ucor alean ftl ngi de m o n 8trated a gr e at potential
of ap plic atio n to environm ental biotechn ologic al
pr oble m s, These r e8 ult8 have s ug ge sted a possible
fl皿 Ction for poly pho8Phate in microbi&1 e nerg y
m 8taboli8 m, a nd also pr o vide a basisfor BpeCnlatio n
on the regulatio n of the poly phosphate l㊤vel in
MtlC Orale a nfungi.
Tab182- Influ enc e of phosphor tlS
‾
coTICentr8tio n oTl
the bio m a s Bfo r mation(冒/ m L)and ino rgarlic
phosphor u8deter mination (mg/ど of bio m aBS)
in M u corale anftlngi, With 48 e 96 ho urs Of
gr o wth.
FutLgi
EollrS
of
Tr8 atm Ont
P l.Og/L P O.5g/L
Bio n a包SP ho spho ruB Bio ma 8SP hospho ru B
Gro wth ど/L mg/g of ど/L mg/g ot
bio m 8B bio m &8旦
A bs王dia BP. J 671
48 1
.
8 0.8 1二5 ().8
96 2
.
8 7.1 2.0 6.4
R hizopzLS 8p. 555
48 2.7 1
.
9 2
.
0 0
.8
96 4.2 8.1 3
.
8 6
.8
Cu nTLLngha m ella
eLeg 朋 542
48 5,l l.8 4.8 0.8
96 9.0 9.8 7
.
D 7.8‾
C w ITLghaTT8ella
8P, 596
4 8 3.8 0.8 3
.
0 0
t
2
96 7.9 9.0 7.D 7.7
SyTW ePhalastTZL m
I
-
aCe m OB u m
M 176
4 8 3.2 0.8 3
.
0 0
.
7
96 6. 6.1 5.0 4.2
●
T he m ediu m c o nhiTlinginorganic phosphortlS1.Ogo r0.5g/L.
C O NCL USIO NS
In additiozl MllCOrale an ftlngl are u nt18 ual in
their cellw alls Whicll c ontain a l且rge 且 m O unt白 Of
ino rga nic polyphosphate [Datem a et al. , 1977;Jone s
et al. , 1977], a ndther efore, a cytochemic alteclm ique
w a s ap plied by Ca mpos- Takaki et al. [1983] to
obs e rve the spatial localizatio n of phosphate in
the w alls. T his date is co nfir m ed by the pro emine nt
pho spho ru spe aks in allthe elem ent spectra of i畠O -
lated whole w alls [Cam posI Takakiet al. 1983].
The acctl mulation pr oc e 畠S Of phosphate dllring the
gr ow th[Shari
'
a, 1997; Sl18ri
'
a et al. ,1997; shari
'
a
et al. , 1999] a nd the ㊤ffect of differe nt c o n centra-
tions Of phospho rus e ntry into cells of MllCO rale an
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fungi accu m ulation w e re r elated to bio m as s
for matio n[Cam pos- Takakiet al. , 200],
It w asdem onstrated tht inorga nic phosphate
hap pe ns in great a m ou ntsin ftlngioftile MllC O r alea n
Order using cytochemicaltechniqu e s, and pers onal
com put8 r an aly白iB by ray X. forthe de marc ation .
T h白 8t11die s Cla rified that the inorga nic pho sphate
incr e a s ed du ring the initial and e xpo n e ntial phas e
of the gro wth, a nd dis ap pe ared in the statio nary
phas e･ Mu c oraleallfll ngtl S, Cu nningha m ela elega n s,
pre8 e n七s alarge abilityfor a c1 皿 tLl乱tion of in orga nic
pho8Pho ru B, and c ould be u 8 ed in biotechn olog y
te ehniqtle B, in spe cial, in the biore m ediatio n or in
the bio& cct1皿 ul乱tion pr o c e s s e sof environ mezltal
pollutio n.
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